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DETAILED ACTION 
Notice to Applicant 

1 . Applicants' Amendment and Response to the Office Action mailed on March 27, 
2007 has been entered and made of record. 

Information Disclosure Statement 

2. The information disclosure statement (IDS) submitted on May 30, 2007 was filed 
after the mailing date of the first action on March 23, 2006. The submission is in 
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure 
statement is being considered by the examiner. 

Response to Amendment 

3. In view of applicants' amendments and arguments filed on August 27, 2007, the 
rejections of claims 1-5, 8-39, 41, 46-49 and 51.54 under 35 U.S.C. 103(a) as stated in 
the Office Action mailed on March 27, 2007 have been withdrawn. Applicants' 
arguments have been rendered moot in view of the new or modified ground of rejection 
given below. 

4. The indicated allowability of claims 42-44 is withdrawn in view of the newly 
discovered reference(s) to Koyanagi (US Pub. 2002/0137239). Rejections based on the 
newly cited reference(s) follow. 



Claim Rejections - 35 USC § 102 



Application/Control Number: Page 3 

10/509.371 

Art Unit: 2812 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined In section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

5. Claims 1-2, 4, 16 and 18 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Koyanagi (US Pub. 2002/0137239). 

6. Referring to figures 1A-1C and related text, Koyanagi discloses [Re claim 1] a 
process for forming an underlying film, comprising: irradiating the surface of an 
insulating film 2 disposed on an electronic device substrate 1 with plasma based on a 
process gas comprising at least an oxygen atom-containing gas (page 4, paragraph 46), 
to thereby form an underlying film 3 at the interface between the insulating film and the 
electronic device substrate (page 4, paragraph 46, see fig. 1C). 

7. Referring to figures 1A-1C and related text, Koyanagi discloses [Re claim 16] a 
process for forming an insulating film, comprising: forming a high-dielectric constant 
insulating film 2 on a substrate 1 (page 4, paragraph 45), generating plasma based on a 
process gas comprising at least an oxygen atom-containing gas on the high-dielectric 
constant Insulating film (page 4, paragraph 46), and irradiating the surface of the high- 
dielectric constant insulating film with the plasma to thereby form an oxide film at the 
interface between the high-dielectric constant insulating film and the substrate (page 4, 
paragraph 46; see fig. 1C). 
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8. Koyanagi discloses [Re claim 2] wherein the insulating film is a film comprising a 
high-dielectric constant material (page 4, paragraph 45). 

9. Koyanagi discloses [Re claim 4] wherein the underlying film is an oxide film 
(page 4, paragraph 46). 

1 0. Koyanagi discloses [Re claim 1 8] wherein the high-dielectric constant insulating 
film comprises at least one material selected from the group consisting of AI2O3, Zr02, 
HfOa, TaaOs. ZrSiO, HfSiO and ZrAlO (page 4, paragraph 45). 



Claim Rejections • 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which fomns the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary sl<ill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names Joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e). (f) or (g) 

prior art under 35 U.S.C. 103(a). 
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11. Claims 3, 5, 8-12, 17, 19 and 20 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Koyanagi, as applied to claims 1 and 16 above, and further in view of 
Suzuki et al. (US Pat. 6497783; hereinafter "Suzuki"). 

12. Koyanagi discloses [Re claim 3] a plasma containing oxygen (page 4, paragraph 
46), but Koyanagi fails to disclose expressly wherein a plasma containing oxygen 
radicals. 

Suzuki discloses radicals of the plasma from processing gas, which are used to 
process a wafer (col. 29, lines 40-45). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to use oxygen radicals of the plasma, as taught by Suzuki, because it 
would have been to obtain better oxidation at low temperature, and to form an uniform 
oxide layer. 

1 3. [Re claims 5 and 17] Koyanagi fails to disclose expressly wherein the plasma is 
plasma based on microwave via a plane antenna member (RLSA) having a plurality of 
slots. 

Suzuki discloses a planar multi-slot antenna for microwave supply (col. 21, lines 
54-60). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to use a planar antenna for plasma process, as taught by Suzuki, because 
it would have been to obtain plasma with microwaves radiation of a uniform intensity 
(Suzuki, col. 21 , lines 61-67). 
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14. [Re claim 8] Koyanagi discloses substantially the claimed limitations, as shown in 
claim 1 , but Koyanagi fails to disclose expressly wherein converting the oxygen atom- 
containing gas to thereby generate oxygen radicals, and irradiating with the oxygen 
radicals. 

Suzuki discloses radicals of the plasma from processing gas, which are used to 
process a wafer (col. 29, lines 40-45). 

The motivation statement stated in claim 3 also applies. 

1 5. Koyanagi discloses [Re claim 9] wherein the insulating film is a film comprising a 
high-dielectric constant material (page 4, paragraph 45). 

16. Koyanagi discloses [Re claim 10] wherein the insulating film comprises at least 
one material selected from the group consisting of AI2O3, ZrOz, HfOa, TaaOs, ZrSiO, 
HfSiO and ZrAlO (page 4, paragraph 45). 

17. [Re claims 1 1 and 19] Koyanagi fails to disclose expressly wherein the process 
gas comprises at least one rare gas selected from the group consisting of Kr, Ar, He 
and Xe. 

Suzuki discloses an additional or carrier gas of Kr, Ar. He, Xe, and etc. (col. 14, 
lines 30-60). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to use a rare gas in a plasma process, as taught by Suzuki, because it 
would have been to control source gas flow rate and oxidation amount without any 
unwanted reaction. 
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1 8. [Re claims 12 and 20] Koyanagi fails to disclose expressly wherein the oxygen 
atom-containing gas is O2 gas. 

Suzuki discloses O2 gas as an oxidizing gas (col. 15, lines 25-30). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to use O2 gas as an oxygen atom-containing gas, as taught by Suzuki, 
because it would have been to obtain better and high quality oxide film in a plasma 
process. 

19. Claims 13-14 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Koyanagi in view of Suzuki, as applied to claim 8 above, and further in view of Deboer 
et al. (US Pub. 2001/0036752; hereinafter "Deboer"). 

20. [Re claim 1 3] The combined teaching of Koyanagi and Suzuki fails to disclose 
expressly wherein further comprising annealing the substrate after the formation of the 
oxide film. 

Deboer discloses a post-deposition anneals after fonnation of a dielectric film 
. using O2 as a source gas (page 2, paragraph 21). [Re claim 14] The post-deposition 
anneal is performed in an oxygen ambient (page 2, paragraph 21), and the oxygen 
source can be provided using O2 (page 4, paragraph 34). 

At the time of the invention It would have been obvious to a person of ordinary 
skill in the art to perform a post-deposition anneal, as taught by Deboer, because it 
would have been to eliminate oxygen vacancies reducing leakage current (Deboer, 
page 2, paragraph 21). 
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21 . Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combined teaching of Koyanagi, Suzuki and Deboer, as applied to claim 13 above, and 
further in view of Case Law/Legal Precedent. 

22. [Re claim 1 5] The combined teaching of Koyanagi, Suzuki and Deboer fails to 
disclose expressly wherein the annealing is conducted at a temperature of 500-1 100°C. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention because it is a matter of determining optimum process conditions by routine 
experimentation with a limited number of species of result effective variables. These 
claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range (see MPEP 2144.05; In re Alter, 220 
F.2d 454, 456, 105 USPQ 233, 235 (CCPA 1955); Peterson, 315 F.3d at 1330, 65 
USPQ2d at 1382; In re Hoeschele, 406 F.2d 1403, 160 USPQ 809 (CCPA 1969)). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to perform annealing process in a certain temperature, because it would 
have been to obtain a desired oxide film without any oxygen vacancies. 

23. Claims 21-22 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Koyanagi, as applied to claim 16 above, and further In view of Deboer. 

24. [Re claim 21] Koyanagi fails to disclose expressly wherein further comprising 
annealing the^substrate after the formation of the oxide film. 
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Deboer discloses a post-deposition anneals after formation of a dielectric film 
using O2 as a source gas (page 2, paragraph 21). [Re claim 22] The post-deposition 
anneal is performed in an oxygen ambient (page 2, paragraph 21), and the oxygen 
source can be provided using O2 (page 4, paragraph 34). 

The motivation statement stated in claim 1 3 also applies. 

25. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combined teaching of Koyanagi and Deboer, as applied to claim 21 above, and further 
in view of Case Law/Legal Precedent. 

26. [Re claim 23] The combined teaching of Koyanagi and Deboer fails to disclose 
expressly wherein the annealing is conducted at a temperature of 500-1 100°C. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention because it is a matter of determining optimum process conditions by routine 
experimentation with a limited number of species of result effective variables. These 
claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range (see MPEP 2144.05; In re Aller, 220 
F.2d 454, 456, 105 USPQ 233, 235 (CCPA 1955); Peterson, 315 F.3d at 1330, 65 
USPQ2d at 1382; In re Hoeschele, 406 F.2d 1403, 160 USPQ 809 (CCPA 1969)). 

The motivation statement stated in claim 15 also applies. 
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27. Claims 24-27 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Koyanagi. as applied to claim 16 above, and further in view of Case Law/Legal 
Precedent. 

28. Koyanagi fails to disclose expressly [Re claim 24] wherein the substrate is at a 
temperature from room temperature to 500°C; [Re claim 25] wherein the oxide film is 
formed at a pressure of 3-500 Pa; [Re claim 26] wherein a silicon oxide film having a 
thickness of 6-12 A; and [Re claim 27] wherein the plasma has an electron temperature 
of 0.5-2.0 eV. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention because it is a matter of determining optimum process conditions by routine 
experimentation with a limited number of species of result effective variables. These 
claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range (see MPEP 2144.05; In re Aller. 220 
F.2d 454, 456. 105 USPQ 233, 235 (CCPA 1955); Peterson, 315 F.3d at 1330. 65 
USPQ2d at 1382; In re Hoeschele, 406 F.2d 1403, 160 USPQ 809 (CCPA 1969)). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to use certain parameters to form an insulating film and to have certain 
thickness of an oxide film, because it would have been to obtain a desired insulating film 
with desired properties necessary for a device, and to obtain a desired oxide film 
without any leakage while keeping reduced size of a device. 
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29. Claims 29 and 42 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Koyanagi in view of Ota (US Pat. 6436777). 

30. [Re claim 29] Koyanagi discloses substantially the claimed limitations, as shown 
in claim 16. However, Koyanagi fails to disclose expressly wherein the high dielectric 
film is a HfSiO film. 

Ota discloses a HfSi02 film as a high dielectric constant material film (col. 8, line 
55-col. 9, line 5). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to use a HfSiO film, instead of using a Hf02 film disclosed in Koyanagi. 
because it would have been to obtain less reactive film than Hf02 film at the interface 
with a gate electrode (Ota, col. 8, lines 25-30). 

31 . [Re claim 42] The combined teaching of Koyanagi and Ota discloses 
substantially the claimed limitations, as shown in claim 29. And Koyanagi further 
discloses wherein nitriding the surface of HfSiO film (page 5, paragraph 59). 

The motivation statement stated in claim 29 also applies. 

32. Claims 30-31 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Koyanagi in view of Ota, as applied to claim 29 above, and further in view of Suzuki. 

33. [Re claim 30] Koyanagi fails to disclose expressly wherein the plasma is plasma 
based on microwave via a plane antenna member (RLSA) having a plurality of slots. 

Suzuki discloses a planar multi-slot antenna for microwave supply (col. 21, lines 
54-60). 
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The motivation statement stated in claims 5 and 17 also applies. 

34. [Re claim 31] Koyanagi fails to disclose expressly wherein the oxygen atom- 
containing gas is O2 gas and the process gas comprises at least one rare gas selected 
from the group consisting of Kr, Ar, He and Xe. 

Suzuki discloses O2 gas as an oxidizing gas (col. 15, lines 25-30). And Suzuki 
also discloses an additional or canrier gas of Kr, Ar, He, Xe, and etc. (col. 14, lines SO- 
SO). 

The motivation statements stated in claims 11 and 19, and claims 12 and 20 also 

apply. 

35. Claims 32-33 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Koyanagi in view of Ota, as applied to claim 29 above, and further in view of Deboer. 

36. [Re claim 32] Koyanagi fails to disclose expressly wherein further comprising 
annealing the substrate after the formation of the oxide film. 

Deboer discloses a post-deposition anneals after formation of a dielectric film 
using O2 as a source gas (page 2, paragraph 21). [Re claim 33] The post-deposition 
anneal is performed in an oxygen ambient (page 2, paragraph 21), and the oxygen 
source can be provided using O2 (page 4, paragraph 34). 

The motivation statement stated In claim 13 also applies. 
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37. Claim 34 is rejected under 35 U.S.C. 1 03(a) as being unpatentable over the 
combined teaching of Koyanagi, Ota and Deboer. as applied to claim 32 above, and 
further in view of Case Law/Legal Precedent. 

38. [Re claim 34] The combined teaching of Koyanagi, Ota and Deboer fails to 
disclose expressly wherein the annealing is conducted at a temperature of 500-1 100°C. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention because it is a matter of determining optimum process conditions by routine 
experimentation with a limited number of species of result effective variables. These 
claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range (see MPEP 2144.05; In re Alter, 220 
F.2d 454, 456, 105 USPQ 233, 235 (CCPA 1955); Peterson, 315 F.3d at 1330, 65 
USPQ2d at 1382; In re Hoeschele, 406 F.2d 1403, 160 USPQ 809 (CCPA 1969)). 

The motivation statement stated in claim 15 also applies. 

39. Claims 35-38 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Koyanagi in view of Ota, as applied to claim 29 above, and further in view of Case 
Law/Legal Precedent. 

40. Koyanagi fails to disclose expressly [Re claim 35] wherein the substrate is at a 
temperature from room temperature to 500°C; [Re claim 36] wherein the oxide film is 
formed at a pressure of 3-500 Pa; [Re claim 37] wherein a silicon oxide film having a 
thickness of 6-12 A; and [Re claim 38] wherein the plasma has an electron temperature 
of 0.5-2.0 eV. 
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It would have been obvious to one of ordinary skill in the art at the time of the 
invention because it is a matter of determining optimum process conditions by routine 
experimentation with a limited number of species of result effective variables. These 
claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range (see MPEP 2144.05; In re Alter, 220 
F.2d 454, 456, 105 USPQ 233, 235 (CCPA 1955); Peterson, 315 F.3d at 1330, 65 
USPQ2d at 1382; In re Hoeschele, 406 F.2d 1403, 160 USPQ 809 (CCPA 1969)). 

The motivation statement stated in claims 24-27 also applies. 

41. Claims 41 and 44 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the Koyanagi in view of Ota, as applied to claim 29 above, and further in view of 
Bloom et al. (US Pat. 6228779; hereinafter "Bloom"). 

42. [Re claims 41 and 44] The combined teaching of Koyanagi and Ota fails to 
disclose expressly wherein further comprising washing the substrate before the 
formation of the HfSiO film. 

Referring to figures 1-2 and related text. Bloom discloses an initial cleaning 
process of a silicon substrate before growing any films (col. 3, lines 5-12; see step 40). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to clean a substrate before depositing or growing any films, as taught by 
Bloom, because it would have been to eliminate any impurities and native oxide layer, 
which degrade a device performance, before fonning an insulating film. 
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43. Claims 46 and 53 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the Koyanagi in view of Bloom. 

44. [Re claim 46] Koyanagi discloses substantially the claimed limitations, as shown 
in claim 16. However, Koyanagi fails to disclose expressly wherein forming a gate 
electrode on the high-dielectric constant gate insulating film. 

Referring to figures 1-2 and related text. Bloom discloses a gate electrode 18 on 
a dielectric layer 20 (see claim 1, step g); see fig. 1). 

At the time of the invention it would have been obvious to a person of ordinary 
skill in the art to fomn a gate electrode on a dielectric layer, as taught by Bloom, 
because it would have been to obtain a transistor for an electronic device. 

45. Koyanagi discloses [Re claim 53] wherein the high-dielectric constant gate 
insulating film comprises at least one material selected from the group consisting of 
AI2O3. Zr02, Hf02, Ta205. ZrSiO. HfSiO and ZrAlO (page 4, paragraph 45). 

46. Claim 47 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Koyanagi in view of Bloom, as applied to claim 46 above, and further in view of Suzuki. 

47. [Re claim 47] Koyanagi fails to disclose expressly wherein the plasma Is plasma 
based on microwave via a plane antenna member (RLSA) having a plurality of slots. 

Suzuki discloses a planar multi-slot antenna for microwave supply (col. 21, lines 
54-60). 

The motivation statement stated in claims 5 and 17 also applies. 
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48. Claims 48-49 and 52 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Koyanagi in view of Bloom, as applied to claim 46 above, and further in view of 
Case Law/Legal Precedent. 

49. Koyanagi fails to disclose expressly [Re claim 48] wherein the substrate is at a 
temperature from room temperature to 500°C; [Re claim 49] wherein the oxide film is 
formed at a pressure of 3-500 Pa; and [Re claim 52] wherein a silicon oxide film having 
athicknessof 6-12 A. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention because it is a matter of determining optimum process conditions by routine 
experimentation with a limited number of species of result effective variables. These 
claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range (see MPEP 2144.05; In re Aller, 220 
F.2d 454. 456, 105 USPQ 233. 235 (CCPA 1955); Peterson, 315 F.3d at 1330, 65 
USPQ2d at 1382; In re Hoeschele, 406 F.2d 1403. 160 USPQ 809 (CCPA 1969)). 

The motivation statement stated in claims 24-27 also applies. 

50. Claim 51 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Koyanagi in view of Bloom, as applied to claim 46 above, and further in view of Deboer. 

51 . [Re claim 51] Koyanagi fails to disclose expressly wherein further comprising 
annealing the surface of the high-dielectric constant gate insulating film after the 
fomnation of the oxide film. 
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Deboer discloses a post-deposition anneals after formation of a dielectric film 
using O2 as a source gas (page 2, paragraph 21). 

The motivation statement stated in claim 13 also applies. 

Allowable Subject Matter 

52. Claims 28, 39-40. 43. 50 and 54 are objected to as being dependent upon a 
rejected base claim, but would be allowable if rewritten in independent form including all 
of the limitations of the base claim and any intervening claims. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Cheung Lee whose telephone number is 571-272-5977. 
The examiner can normally be reached on Monday through Friday from 8:30AM to 5:00 
PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Michael Lebentritt can be reached on 571-272-1873. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 
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